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ﻣﺮوري ﺑﺮ ﺳﻠﻮل ﻫﺎي ﺑﻨﻴﺎدي، ﻓﺎﻛﺘﻮرﻫﺎي رﺷﺪي و دارﺑﺴﺘﻬﺎي ﺷﺎﻳﻊ ﻣﻮرد اﺳﺘﻔﺎده در درﻣﺎن ﻫﺎي 
  رژﻧﺮاﺗﻴﻮ
  دﻛﺘﺮ ﺷﻴﻤﺎ ﻧﺮﻳﻤﺎﻧﻲ، اﺳﺘﺎدﻳﺎر ﺑﺨﺶ درﻣﺎن رﻳﺸﻪ داﻧﺸﻜﺪه دﻧﺪاﻧﭙﺰﺷﻜﻲ اردﺑﻴﻞ
  دﻛﺘﺮ ﺳﺤﺮ ﻣﻮﺳﻮي، اﺳﺘﺎدﻳﺎر ﺑﺨﺶ ﭘﺮوﺗﺰ داﻧﺸﻜﺪه دﻧﺪاﻧﭙﺰﺷﻜﻲ اردﺑﻴﻞ
  ﻛﻮدﻛﺎن داﻧﺸﻜﺪه دﻧﺪاﻧﭙﺰﺷﻜﻲ اردﺑﻴﻞدﻛﺘﺮ ﺳﻤﻴﻪ ﺣﻜﻤﺖ ﻓﺮ، اﺳﺘﺎدﻳﺎر ﺑﺨﺶ 
  ﻣﻘﺪﻣﻪ
اﻧﺪودﻧﺘﻴﻚ، زﻣﻴﻨﻪ ﺟﺪﻳﺪي در ﻋﻠﻮم دﻧﺪاﻧﭙﺰﺷﻜﻲ اﺳﺖ و ﺷﺎﻣﻞ ﺗﺪاﺧﻞ ﻣﻴﺎن ﺳﻪ ﻓﺎﻛﺘﻮر ﺳﻠﻮل ﻫﺎي ﺑﻨﻴﺎدي، درﻣﺎﻧﻬﺎي رژﻧﺮاﺗﻴﻮ 
  (.1)ﺷﻮد ﺗﺪاﺧﻞ در ﺗﻌﺎﻣﻞ اﻳﻦ ﺳﻪ ﻓﺎﻛﺘﻮر ﻣﻨﺠﺮ ﺑﻪ ﻓﻌﺎﻟﻴﺖ رژﻧﺮاﺗﻴﻮ ﺑﺎﻓﺖ ﻣﻲ . اﺳﺖ( ﻣﻮاد ﺑﻴﻮاوژﻳﻚ) ﻓﺎﻛﺘﻮرﻫﺎي رﺷﺪي و دارﺑﺴﺘﻬﺎ
 اﻳﻦ ﺷﺎﺧﻪ ﺟﺪﻳﺪ ﻛﻪ ﻣﻬﻨﺪﺳﻲ ﺑﺎﻓﺖ ﻧﺎم ﮔﺮﻓﺘﻪ ﻣﻲ ﺗﻮاﻧﺪ ﻣﻮﺟﺐ ﺗﻐﻴﻴﺮ روﺷﻬﺎي درﻣﺎﻧﻲ ﻛﻠﻴﻨﻴﺴﻴﻨﻬﺎ ﺷﻮد ﻛﻪ زﻣﻴﻨﻪ ﺟﺪﻳﺪ ﺗﺤﻘﻴﻘﺎﺗﻲ
درﻣﺎﻧﻬﺎي رژﻧﺮاﺗﻴﻮ اﻧﺪو، ﻗﺎﺑﻠﻴﺖ رژﻧﺮاﺳﻴﻮن ﭘﺎﻟﭗ، ﻋﺎج و ﻣﻴﻨﺎ را ﺑﺎ اﺳﺘﻔﺎده از ﺳﻠﻮل ﻫﺎي ﺑﻨﻴﺎدي . در روﺷﻬﺎي درﻣﺎﻧﻲ اﻳﺠﺎد ﻧﻤﻮده اﺳﺖ
  (.3و2)ﻧﺸﺎن داده اﺳﺖو دارﺑﺴﺘﻬﺎ 
در اﻳﻦ ﻣﻘﺎﻟﻪ، ﻣﺮوري ﺑﺮ ﺳﻠﻮﻟﻬﺎي ﺑﻨﻴﺎدي، ﻓﺎﻛﺘﻮرﻫﺎي رﺷﺪي و دارﺑﺴﺘﻬﺎي ﻣﻮرد اﺳﺘﻔﺎده در درﻣﺎﻧﻬﺎي رﻳﻮاﺳﻜﻮﻻرﻳﺰﻳﺸﻦ ﭘﺎﻟﭗ 
  .ﺧﻮاﻫﻴﻢ داﺷﺖ
  ﻣﻮاد و روﺷﻬﺎ
اﺳﺘﻔﺎده از ﻣﻮﺗﻮر ﺟﺴﺘﺠﻮﮔﺮ ﺗﺎ ﻛﻨﻮن ﭼﺎپ ﺷﺪه اﻧﺪ ﺑﺎ  2002در ﻣﻄﺎﻟﻌﻪ ﺣﺎﺿﺮ، ﻣﻘﺎﻻت در ارﺗﺒﺎط ﺑﺎ درﻣﺎن ﻫﺎي رژﻧﺮاﺗﻴﻮ ﻛﻪ از ﺳﺎل 
   .ﮔﻮﮔﻞ، ﺟﻤﻊ آوري و ﺑﺮرﺳﻲ ﺷﺪه اﻧﺪ
  ﻳﺎﻓﺘﻪ ﻫﺎ
اﺻﻮل ﻣﻬﻨﺪﺳﻲ ﺑﺎﻓﺖ در ﭘﺮوﺳﻪ ﻫﺎي رژﻧﺮاﺗﻴﻮ اﻧﺪو ﻧﻴﺎز ﺑﻪ ﺗﺤﻘﻴﻘﺎت و ﺑﺮرﺳﻲ ارﺗﺒﺎط ﻣﻴﺎن ﺳﻪ ﻓﺎﻛﺘﻮر ﺳﻠﻮل ﻫﺎي ﺑﻨﻴﺎدي، ﻛﺎرﺑﺮد 
    (.5و4)ﻓﺎﻛﺘﻮرﻫﺎي رﺷﺪي و دارﺑﺴﺘﻬﺎ دارد ﻛﻪ ﺳﺒﺐ ﺑﺎزﺳﺎزي ﻛﻤﭙﻠﻜﺲ ﭘﺎﻟﭗ و ﻋﺎج ﻣﻲ ﺷﻮﻧﺪ 
  ﺳﻠﻮﻟﻬﺎي ﺑﻨﻴﺎدي
و tnetopirulpاﻳﻦ ﺳﻠﻮﻟﻬﺎ ﺷﺎﻣﻞ دو ﮔﺮوه . ﺳﻠﻮﻟﻬﺎي ﺑﻨﻴﺎدي، ﺟﻤﻌﻴﺖ ﻫﺎي ﺳﻠﻮﻟﻲ ﺗﻤﺎﻳﺰ ﻧﻴﺎﻓﺘﻪ ﺑﺎ ﭘﺘﺎﻧﺴﻴﻞ ﺗﻤﺎﻳﺰ و ﺗﺠﺪﻳﺪﭘﺬﻳﺮي اﻧﺪ
ﻗﺎﺑﻠﻴﺖ ﺗﻤﺎﻳﺰ ﺑﻪ ﺳﻠﻮل ﻫﺎي ﻣﺸﺘﻖ از ﻫﺮ ﺳﻪ ﻻﻳﻪ ﺟﻨﻴﻨﻲ را دارﻧﺪ و ﻧﻤﻮﻧﻪ ﺷﺎن  tnetopirulpﺳﻠﻮﻟﻬﺎي . ﻫﺴﺘﻨﺪ tnetupitlum
  .اﺳﺖ ﻛﻪ ﺑﻪ دﻟﻴﻞ ﻣﻼﺣﻈﺎت ﻗﺎﻧﻮﻧﻲ اﺳﺘﻔﺎده ار آﻧﻬﺎ در ﺗﺤﻘﻴﻘﺎت ﻣﺤﺪودﻳﺖ دارد( ﺟﻨﻴﻨﻲ)cinoyrebmeﺑﻨﻴﺎدي  ﺳﻠﻮل ﻫﺎي
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ﺳﻠﻮل ﻫﺎي ﺑﻨﻴﺎدي ﻣﺰاﻧﺸﻴﻤﺎل ﺑﺰرﮔﺴﺎﻻن، ﻇﺮﻓﻴﺖ ﻣﺤﺪودي در ﺗﻤﺎﻳﺰ دارﻧﺪ و ﻓﻘﻂ ﺑﻪ ﺳﻠﻮل ﻫﺎي ﺑﺎ ﻣﻨﺸﺎ ﻣﺰاﻧﺸﻴﻤﺎل ﺗﺒﺪﻳﻞ ﻣﻴﺸﻮﻧﺪ 
  (.6)ﻗﺮار ﻣﻲ ﮔﻴﺮﻧﺪ  tnetopitlumو ﺑﻨﺎﺑﺮاﻳﻦ در رده 
اﻳﻦ ( . 6)ﺑﺎﻓﺖ ﻫﺎي ﻣﺰاﻧﺸﻴﻤﻲ اﺳﺘﺨﻮان، ﭘﺎﻟﭗ دﻧﺪان و ﻟﻴﮕﺎﻣﺎن ﭘﺮﻳﻮدﻧﺘﺎل، ﺟﻤﻌﻴﺖ ﻫﺎﻳﻲ از ﺳﻠﻮل ﻫﺎي ﺑﻨﻴﺎدي ﺑﺰرﮔﺴﺎﻻن دارﻧﺪ 
ﻧﺎﻣﻴﺪه ﻣﻲ ﺷﻮﻧﺪ و ﺑﻴﺸﺘﺮ ﺳﻠﻮﻟﻬﺎي ﺑﻨﻴﺎدي در دﻫﺎن و ﺻﻮرت از اﻳﻦ دﺳﺘﻪ اﻧﺪ  )sCSM(ﺳﻠﻮﻟﻬﺎ ﺑﻪ ﻧﺎم ﺳﻠﻮﻟﻬﺎي ﺑﻨﻴﺎدي ﻣﺰاﻧﺸﻴﻤﺎل
،  )sCPAPi(، ﺳﻠﻮﻟﻬﺎي ﭘﺮوژﻧﻴﺘﻮر ﭘﺮي آﭘﻴﻜﺎل اﻟﺘﻬﺎﺑﻲ )PACS(اﻳﻦ دﺳﺘﻪ ﺳﻠﻮﻟﻬﺎي ﺑﻨﻴﺎدي، ﺳﻠﻮﻟﻬﺎي ﺑﻨﻴﺎدي آﭘﻴﻜﺎل ﭘﺎﭘﻴﻼ از(. 7)
   ، ﺳﻠﻮﻟﻬﺎي ﺑﻨﻴﺎدي ﻟﻴﮕﺎﻣﺎن ﭘﺮﻳﻮدﻧﺘﺎل )sCSPD(، ﺳﻠﻮﻟﻬﺎي ﺑﻨﻴﺎدي دﻧﺘﺎل ﭘﺎﭘﻴﻼ)sCSFD(ﺳﻠﻮﻟﻬﺎي ﺑﻨﻴﺎدي ﻓﻮﻟﻴﻜﻮل دﻧﺪاﻧﻲ
، ﺳﻠﻮﻟﻬﺎي ﺑﻨﻴﺎدي ﻏﺪد   )sCPGT(، ﺳﻠﻮﻟﻬﺎي ﭘﺮوژﻧﻴﺘﻮر ﺟﻮاﻧﻪ دﻧﺪاﻧﻲ)sCSMB(ن، ﺳﻠﻮﻟﻬﺎي ﺑﻨﻴﺎدي ﻣﻐﺰ اﺳﺘﺨﻮا )sCSLDP(
، ﺳﻠﻮﻟﻬﺎي ﺑﻨﻴﺎدي )sCSEO، ﺳﻠﻮﻟﻬﺎي ﺑﻨﻴﺎدي اﭘﻴﺘﻠﻴﻮم دﻫﺎن)DEHS(، ﺳﻠﻮﻟﻬﺎي ﺑﻨﻴﺎدي دﻧﺪاﻧﻬﺎي ﺷﻴﺮي ﺧﺎرج ﺷﺪه)sCSGS(ﺑﺰاﻗﻲ
  1ﺷﻜﻞ (. 8و7)ﻫﺴﺘﻨﺪ )sCSP(و ﺳﻠﻮﻟﻬﺎي ﺑﻨﻴﺎدي ﭘﺮﻳﻮﺳﺖ  )sCSMG( ﻣﺸﺘﻖ از ﻟﺜﻪ
و ﺳﻠﻮﻟﻬﺎي ﺑﻨﻴﺎدي دﻧﺘﺎل ﭘﺎﭘﻴﻼ   ,sCSMB ,sCSLDP ,sCSPD  ,sCPAPiﺑﻨﻴﺎدي دﺧﻴﻞ در درﻣﺎﻧﻬﺎي رژﻧﺮاﺗﻴﻮ اﻧﺪو ﺷﺎﻣﻞ ﺳﻠﻮﻟﻬﺎي
  . در ﺻﻮرت وﺟﻮد ﭘﺎﻟﭗ زﻧﺪه در ﻧﺎﺣﻴﻪ ﭘﺮي آﭘﻴﻜﺎل ﻫﺴﺘﻨﺪ
اﻳﻦ ﺳﻠﻮﻟﻬﺎ در (. 01و9)آﭘﻴﻜﺎل ﭘﺎﭘﻴﻼ ﻣﻨﺒﻊ ﻏﻨﻲ ﺳﻠﻮﻟﻬﺎي ﺗﻤﺎﻳﺰ ﻧﻴﺎﻓﺘﻪ اﺳﺖ ﻛﻪ ﻗﺎﺑﻠﻴﺖ ﺑﺎﻻي ﺗﻤﺎﻳﺰ ﺑﻪ ﺳﻠﻮﻟﻬﺎي ادوﻧﺘﻮژﻧﻴﻚ را دارد 
و ﺳﭙﺲ در ﻣﺠﺎورت ﻧﺰدﻳﻚ آﭘﻴﻜﺎل ﭘﺎﭘﻴﻼ ( 11)اﭘﻲ ﺗﻠﻴﺎل ﻏﺸﺎي ﻫﺮﺗﻮﻳﮓ، ﺳﺒﺐ ﺗﺸﻜﻴﻞ رﻳﺸﻪ ﻣﻲ ﺷﻮﻧﺪ  -اﺛﺮ ﺗﺪاﺧﻼت ﻣﺰاﻧﺸﻴﻤﺎل
  . آﭘﻜﺲ دﻧﺪان ﺑﺎﻗﻲ ﻣﻲ ﻣﺎﻧﻨﺪ و ﻣﻨﺒﻊ ﻏﻨﻲ از ﺳﻠﻮل ﻫﺎي ﺑﻨﻴﺎدي در دﺳﺘﺮس ﺑﺮاي درﻣﺎن ﻫﺎي رژﻧﺮاﺗﻴﻮ اﻧﺪو ﻓﺮاﻫﻢ ﻣﻴﻜﻨﻨﺪدر ﻧﺰدﻳﻜﻲ 
  (. 21و8)در دﻧﺪاﻧﻬﺎي ﺑﺎ ﭘﺮﻳﻮدﻧﺘﻴﺖ آﭘﻴﻜﺎل، ﺳﻠﻮﻟﻬﺎي ﭘﺮي آﭘﻴﻜﺎل اﻟﺘﻬﺎﺑﻲ ﻣﻨﺒﻊ ﻣﻬﻢ دﻳﮕﺮي از ﺳﻠﻮﻟﻬﺎي ﺑﻨﻴﺎدي ﻫﺴﺘﻨﺪ
ﺑﺮاي ﺑﺮرﺳﻲ ﺣﻀﻮر ﺳﻠﻮﻟﻬﺎي ﺑﻨﻴﺎدي ﻣﺰاﻧﺸﻴﻤﺎل ﺑﻪ دﻧﺒﺎل ﺧﻮﻧﺮﻳﺰي ﻋﻤﺪي اﻳﺠﺎد ﺷﺪه در درﻣﺎﻧﻬﺎي  1102ﻣﻄﺎﻟﻌﻪ اي در ﺳﺎل 
اﻳﺠﺎد ﺷﺪه ﺑﺼﻮرت ﻋﻤﺪي، ﺳﻄﺢ ﺑﻴﺎن ﻧﺸﺎﻧﮕﺮﻫﺎي ﺳﻠﻮل ﻫﺎي ﺑﻨﻴﺎدي در ﻓﻀﺎي ﻛﺎﻧﺎل رﻳﺸﻪ ﺑﺪﻧﺒﺎل ﺧﻮﻧﺮﻳﺰي (. 31)رژﻧﺮاﺗﻴﻮ اﻧﺠﺎم ﺷﺪ
ﺑﻨﻴﺎدي ﻓﻌﺎل ﺷﺪه ﺑﺪﻧﺒﺎل ﺧﻮﻧﺮﻳﺰي ﻋﻤﺪي در درﻣﺎﻧﻬﺎي رژﻧﺮاﺗﻴﻮ، ﺳﻠﻮﻟﻬﺎي ﻣﺨﺘﻠﻄﻲ از ﺟﻤﻌﻴﺘﻬﺎ ﺳﻠﻮﻟﻬﺎي . ﺑﺮاﺑﺮ ﺷﺪه ﺑﻮد 007
  .ﺑﺎﻓﺘﻬﺎي ﭘﺮي رادﻳﻜﻮﻻر ﻣﺠﺎور ﻓﻮراﻣﻦ آﭘﻴﻜﺎل ﻫﺴﺘﻨﺪ ﻛﻪ ﺑﺪﻧﺒﺎل ﺧﻮﻧﺮﻳﺰي اﻳﺠﺎد ﺷﺪه وارد ﻛﺎﻧﺎل رﻳﺸﻪ ﺷﺪه ﺑﻮدﻧﺪ
وﻧﻴﺰ ﻏﻠﻈﺖ ( 51و41)ﺎي اﻟﺘﻬﺎﺑﻲ وﺟﻮد دارد ﭘﺎﻳﻴﻦ، ﻏﻠﻈﺖ ﺑﺎﻻي اﻧﺪوﺗﻮﻛﺴﻴﻨﻬﺎ و ﻣﺪﻳﺎﺗﻮرﻫ HPدر ﺷﺮاﻳﻂ ﺑﺎﻟﻴﻨﻲ، ﻏﻠﻈﺖ ﻛﻢ اﻛﺴﻴﮋن، 
  .در اﻳﻦ ﻧﻤﻮﻧﻪ ﻫﺎي ﺑﺎﻟﻴﻨﻲ ﻧﺸﺎن از ﺣﻀﻮر اﮔﺰوداي اﻟﺘﻬﺎﺑﻲ ﻣﺰﻣﻨﺪر ﻧﺎﺣﻴﻪ آﭘﻴﻜﺎل اﻳﻦ دﻧﺪاﻧﻬﺎ ﺑﻮد 41DCﺑﺎﻻي ﻧﺸﺎﻧﮕﺮ ﺳﻠﻮﻟﻲ
ﺎﺑﻲ و ﺳﻮال ﻣﻄﺮح ﺷﺪه اﻳﻦ اﺳﺖ ﻛﻪ ﭼﮕﻮﻧﻪ در ﺷﺮاﻳﻂ اﻟﺘﻬﺎﺑﻲ ﭘﺮﻳﻮدﻧﺘﻴﺖ آﭘﻴﻜﺎل ﻛﻪ ﻣﺠﻤﻮﻋﻪ اي از ﻣﻴﻜﺮوﻓﻠﻮر، ﻋﻮاﻣﻞ اﻟﺘﻬ  
ﺳﻠﻮﻟﻬﺎي ﺑﻨﻴﺎدي ﺑﻘﺎ ﻣﻲ ﻳﺎﺑﻨﺪ؟  دﻟﻴﻞ ﺑﻴﻮﻟﻮژﻳﻚ ﺑﻘﺎي ﺳﺎزﮔﺎرﭘﺬﻳﺮ اﻳﻦ ﺳﻠﻮﻟﻬﺎ در ﺳﻠﻮﻟﻬﺎي اﻳﻤﻨﻲ و ﻓﺸﺎر ﭘﺎﻳﻴﻦ اﻛﺴﻴﮋن  وﺟﻮد دارﻧﺪ 
ﺷﺮاﻳﻂ دﺷﻮار ﻣﻲ ﺗﻮاﻧﺪ ﻋﺮوق ﻓﺮاوان ﻓﻮﻟﻴﻜﻮل دﻧﺪاﻧﻲ درﺑﺮﮔﻴﺮﻧﺪه ﭘﺎﭘﻴﻼي دﻧﺪاﻧﻲ ﻛﻢ ﻋﺮوق ﺑﺎﺷﺪ ﻛﻪ ﺑﺴﺘﺮ ﻋﺮوﻗﻲ ﻣﻨﺎﺳﺒﻲ ﺑﺮاي 
   (.61)ﻴﺎدي آﭘﻴﻜﺎل ﭘﺎﭘﻴﻼ ﻓﺮاﻫﻢ ﻣﻴﻜﻨﺪﺗﻐﺬﻳﻪ  ﺳﻠﻮﻟﻬﺎي ﺑﻨ
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ﺷﺮاﻳﻂ ﻫﻴﭙﻮﻛﺴﻴﻚ و اﻧﺪوﺗﻮﻛﺴﻴﻦ ﺑﺎﻛﺘﺮﻳﻬﺎ، ﭘﺘﺎﻧﺴﻴﻞ آﻧﮋﻳﻮژﻧﻴﻚ و ﺑﻘﺎ و ﭘﺮوﻟﻴﻔﺮاﺳﻴﻮن ﺳﻠﻮل ﻫﺎي ﺑﻨﻴﺎدي دﻧﺪان را ﺑﻬﺒﻮد ﻣﻲ ﺑﺨﺸﺪ 
ﺘﻴﺖ آﭘﻴﻜﺎل و اﻳﻦ ﻧﺸﺎﻧﮕﺮ ﺗﻮاﻧﺎﻳﻲ ﺳﻠﻮل ﻫﺎي ﺑﻨﻴﺎدي ﺑﺮاي ﺑﻘﺎ و ﺣﻔﻆ ﻗﺎﺑﻠﻴﺖ ﺗﻤﺎﻳﺰﺷﺎن در ﺷﺮاﻳﻂ ﻧﺎﻣﺴﺎﻋﺪي ﭼﻮن ﭘﺮﻳﻮدﻧ(. 81و71)
  .آﺑﺴﻪ آﭘﻴﻜﺎل اﺳﺖ
ﺳﻠﻮﻟﻬﺎي ﺑﻨﻴﺎدي ﺗﺤﺖ ﺗﺎﺛﻴﺮ ﮔﺮادﻳﺎن ﻋﻮاﻣﻞ ﻛﻤﻮﺗﺎﻛﺘﻴﻚ آزاد ﺷﺪه از ﺳﻠﻮﻟﻬﺎي اﻳﻤﻨﻲ ﻋﺎج آﺳﻴﺐ دﻳﺪه ﺑﻪ ﻣﺤﻞ زﺧﻢ و ﺗﺨﺮﻳﺐ ﺑﺎﻓﺘﻲ 
ﻮﺑﻮل و ﻋﺎج ﺗﻮﻟﻴﺪ ﺷﺪه ﺗﻮﺳﻂ اﻳﻦ ﺳﻠﻮﻟﻬﺎ از ﺳﺎﻳﺮ اﻧﻮاع ﻋﺎج ﻣﺘﻤﺎﻳﺰ ﺑﻮده و اﺳﺘﺌﻮدﻧﺘﻴﻦ ﻧﺎم دارد ﻛﻪ ﺑﻲ ﻧﻈﻢ، ﻓﺎﻗﺪ ﺗ(. 91)ﻣﻲ رﺳﻨﺪ
  (.02)ﺑﻴﻮدﻧﺘﻴﻦ ﻗﺎﺑﻠﻴﺖ ﻋﺎج ﺳﺎزي ﺳﻠﻮﻟﻬﺎي ﺑﻨﻴﺎدي را اﻓﺰاﻳﺶ ﻣﻲ دﻫﻨﺪو  ATMﻣﻮاد ﺑﻴﻮاﻛﺘﻴﻮي ﻣﺎﻧﻨﺪ . داراي اﻧﻜﻠﻮزﻳﻮن ﺳﻠﻮﻟﻲ اﺳﺖ
. ﭘﺮوﺗﺌﻴﻦ ﻓﻴﻼﻣﺎﻧﻲ ﺑﻪ ﻧﺎم ﻧﺴﺘﻴﻦ ﺑﻄﻮر اﺧﺘﺼﺎﺻﻲ در ادوﻧﺘﻮﺑﻼﺳﺘﻬﺎ و ﺳﻠﻮﻟﻬﺎي ﺷﺒﻪ ادوﻧﺘﻮﺑﻼﺳﺖ در ﻓﺎز ﺗﺮﺷﺤﻲ ﻓﻐﺎل دﻳﺪه ﻣﻴﺸﻮد
  (.12)ﺑﺎ ﺳﺎﻳﺮ ﻣﺎرﻛﺮﻫﺎ در ﺷﻨﺎﺳﺎﻳﻲ ادوﻧﺘﻮﺑﻼﺳﺘﻬﺎ و ﺳﻠﻮﻟﻬﺎي ﺷﺒﻪ ادوﻧﺘﻮﺑﻼﺳﺖ ، اﻫﻤﻴﺖ داردﺑﻴﺎن ﻧﺴﺘﻴﻦ ﻫﻤﺮا 
 ,sCPAPi ,sPACS ,sDEHS ,sCSPDﺳﻠﻮﻟﻬﺎي ﺑﻨﻴﺎدي ﻣﺰاﻧﺸﻴﻤﺎﻟﻲ ﻛﻪ ﻗﺎﺑﻠﻴﺖ ﺗﻤﺎﻳﺰ ﺑﻪ ﺳﻠﻮﻟﻬﺎي ﺷﺒﻪ ادوﻧﺘﻮﺑﻼﺳﺖ دارﻧﺪ ﺷﺎﻣﻞ 
ﺳﻠﻮﻟﻬﺎي ﺑﻨﻴﺎدي ﻣﺰاﻧﺸﻴﻤﺎل ﻗﺎﺑﻠﻴﺖ ورود ﺑﻪ ﻓﻀﺎي ﻛﺎﻧﺎل رﻳﺸﻪ در دﻧﺪاﻧﻬﺎي ﺑﺎﻟﻎ و ﻧﺎﺑﺎﻟﻎ را (. 22و3)ﻫﺴﺘﻨﺪ sCSMMB ,sCPFD
  (.32)دارﻧﺪ وﻟﻲ ﻗﺎﺑﻠﻴﺖ ﺗﻤﺎﻳﺰ و رﺷﺪ اﻳﻦ ﺳﻠﻮﻟﻬﺎ ﺑﺎ اﻓﺰاﻳﺶ ﺳﻦ ﻛﻢ ﻣﻴﺸﻮد 
  ﻓﺎﻛﺘﻮرﻫﺎي رﺷﺪي
اﻳﻦ ﻋﻮاﻣﻞ ﺣﻴﻦ دﻧﺘﻴﻨﻮژﻧﺰ اوﻟﻴﻪ از (. 42)اﻣﺮوزه ﻣﺸﺨﺺ ﺷﺪه ﻛﻪ ﻋﺎج، ﻣﻨﺒﻊ ﻏﻨﻲ از ﻓﺎﻛﺘﻮرﻫﺎي رﺷﺪي و ﺳﻴﺘﻮﻛﺎﺋﻴﻨﻬﺎ ﻣﻴﺒﺎﺷﺪ
در ﺻﻮرت دﻣﻴﻨﺮاﻟﻴﺰه ﺷﺪن . ادوﻧﺘﻮﺑﻼﺳﺘﻬﺎ ﺗﺮﺷﺢ ﻣﻴﺸﻮﻧﺪ و ﭘﺲ از اﺗﻤﺎم ﻣﻴﻨﺮاﻟﻴﺰاﺳﻴﻮن در داﺧﻞ ادوﻧﺘﻮﺑﻼﺳﺘﻬﺎ ذﺧﻴﺮه ﻣﻲ ﺷﻮﻧﺪ
ز ﻳﺎ اﺳﺘﻔﺎده ا 2)HO(aC، ﻗﺮار دادن  ATDEﻣﺎﺗﺮﻳﺲ ﻋﺎﺟﻲ ﺣﻴﻦ ﭘﻮﺳﻴﺪﮔﻲ ﺗﻮﺳﻂ اﺳﻴﺪ ﺑﺎﻛﺘﺮﻳﻬﺎ، آﻣﺎده ﺳﺎزي ﺷﻴﻤﻴﺎﻳﻲ  ﺗﻮﺳﻂ 
  (.52)و ﺑﻴﻮدﻧﺘﻴﻦ آزاد ﻣﻲ ﺷﻮﻧﺪ  ATMاﺳﻴﺪ اچ ﺑﺮاي ﺗﺮﻣﻴﻤﻬﺎي ﺑﺎﻧﺪ ﺷﻮﻧﺪه ﺑﻪ ﻋﺎج  ﻳﺎ در اﺳﺘﻔﺎده از ﻣﻮد ﺑﻴﻮاﻛﺘﻴﻮ ﻣﺎﻧﻨﺪ 
  (.82و72و62) در ﺗﻤﺎﻳﺰ ادوﻧﺘﻮﺑﻼﺳﺘﻬﺎ ﻧﻘﺶ دارﻧﺪ 6,4,2PMB، 3,2,1FGT، (ﻓﺎﻛﺘﻮرﻫﺎي رﺷﺪي ﺷﺒﻪ اﻧﺴﻮﻟﻴﻦ)  2,1 FGI
و ﺗﺤﺮﻳﻚ ﺗﻤﺎﻳﺰ ﺳﻠﻮﻟﻬﺎي  رﻳﺸﻪ، ﺳﺒﺐ اﻧﺤﻼل ﻓﺎز ﻣﻌﺪﻧﻴﻮ آزادﺳﺎزي ﻓﺎﻛﺘﻮرﻫﺎي رﺷﺪيدر آﻣﺎده ﺳﺎزي ﻓﻀﺎي ﻛﺎﻧﺎل ATDEاﺳﺘﻔﺎده از 
و اﺳﺘﻔﺎده ( 03)اچ ﻛﺮدن ﺑﺎ ﻣﻮاد اﺳﻴﺪ اچ ﺑﺮاي آﻣﺎده ﺳﺎزي ﻋﺎج در ﺗﺮﻣﻴﻤﻬﺎي ﺑﺎﻧﺪﺷﻮﻧﺪه  (.92)ﺑﻨﻴﺎدي و ﭘﺮوژﻧﻴﺘﻮرﻫﺎ ﻣﻲ ﺷﻮد 
داﺧﻞ ﻛﺎﻧﺎل رﻳﺸﻪ ﻗﺎدر ﺑﻪ   gnisserdﻖ ﻳﺎ ﺑﻌﻨﻮان ﻃﻮﻻﻧﻲ از ﻛﻠﺴﻴﻢ ﻫﻴﺪروﻛﺴﻴﺪ در زﻳﺮ ﻣﻮاد ﺗﺮﻣﻴﻤﻲ در ﺣﻔﺮه ﻫﺎي ﺗﺮﻣﻴﻤﻲ ﻋﻤﻴ
و ﺑﻴﻮدﻧﺘﻴﻦ ﻧﻴﺰ ﻛﻠﺴﻴﻢ ﻫﻴﺪروﻛﺴﻴﺪ ﺑﻌﻨﻮان  ATMدر اﺳﺘﻔﺎده از (. 13)آزادﺳﺎزي ﻋﻮاﻣﻞ ﺑﻴﻮاﻛﺘﻴﻮ ﻋﺎج ﻫﻤﭽﻮن ﻓﺎﻛﺘﻮرﻫﺎي رﺷﺪي اﻧﺪ 
  (.52)ﻣﺤﺼﻮل ﺟﺘﻨﺒﻲ اﻳﺠﺎد ﺷﺪه ﻧﻘﺶ ﻣﺎده ﺑﻴﻮاﻛﺘﻴﻮ را رد آزادﺳﺎزي ﻓﺎﻛﺘﻮرﻫﺎي رﺷﺪي اﻳﻔﺎ ﻣﻴﻜﻨﺪ 
  ﺎدارﺑﺴﺖ ﻫ
ﺗﻤﺎﻳﺰ، ( 2ﺳﺒﺐ ﺟﻬﺖ دﻫﻲ ﻣﻨﺎﺳﺒﻲ ﺑﺮاي ﺟﺎﻳﮕﺰﻳﻨﻲ ﺳﻠﻮﻟﻬﺎ ﻣﻴﺸﻮﻧﺪ ( 1ﺟﺰء ﻣﻬﻢ درﻣﺎﻧﻬﺎي رژﻧﺮاﺗﻴﻮ ﻫﺴﺘﻨﺪ ﻛﻪ  دارﺑﺴﺘﻬﺎ
  (.230ﻧﻘﺶ در ﺗﻮزﻳﻊ ﻣﻮاد ﻣﻐﺬي و دﻓﻊ ﺿﺎﻳﻌﺎت ﺣﺎﺻﻞ از ﻓﻌﺎﻟﻴﺖ ﺳﻠﻮﻟﻬﺎ ﺗﻨﻈﻴﻢ ﻣﻴﻜﻨﻨﺪ  ﭘﺮوﻟﻴﻔﺮاﺳﻴﻮن و ﻣﺘﺎﺑﻮﻟﻴﺴﻢ را ﺑﺎ
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از دارﺑﺴﺘﻬﺎي ﻃﺒﻴﻌﻲ ﻣﻲ ﺗﻮان ﺑﻪ ﻛﻼژن، ﮔﻠﻴﻜﻮزآﻣﻴﻨﻮﮔﻠﻴﻜﺎن، . ﺳﻨﺘﺘﻴﻚ ﺗﻘﺴﻴﻢ ﻣﻲ ﺷﻮﻧﺪدارﺑﺴﺘﻬﺎ ﺑﻪ دو دﺳﺘﻪ دارﺑﺴﺘﻬﺎي ﻃﺒﻴﻌﻲ و 
  (.43و33)اﺳﻴﺪ ﻫﻴﺎﻟﻮروﻧﻴﻚ ، ﻣﺎﺗﺮﻳﺲ ﻋﺎﺟﻲ ﻃﺒﻴﻌﻲ ﻳﺎ دﻣﻴﻨﺮاﻟﻴﺰه و ﻓﻴﺒﺮﻳﻦ اﺷﺎره ﻛﺮد
ﺴﻲ ﻛﻮﮔﻠﻴﻜﻮﻟﻴﻚ اﺳﻴﺪ ، ﻫﻴﺪروﻛ-از دارﺑﺴﺘﻬﺎي ﺳﻨﺘﺘﻴﻚ ﻣﻲ ﺗﻮان ﭘﻠﻲ ال ﻻﻛﺘﻴﻚ اﺳﻴﺪ، ﭘﻠﻲ ﮔﻠﻴﻜﻮﻟﻴﻚ اﺳﺪ ﭘﻠﻲ ﻻﻛﺘﻴﻚ 
  (.53)ﺗﺮي ﻛﻠﺴﻴﻢ ﻓﺴﻔﺎت اﺷﺎره ﻛﺮد/آﭘﺎﺗﻴﺖ
در ﺑﻴﺸﺘﺮ ﻣﻄﺎﻟﻌﺎت ﭼﺎپ ﺷﺪه در ﻣﻮرد درﻣﺎﻧﻬﺎي رژﻧﺮاﺗﻴﻮ اﻧﺪو، ﺑﺪﻧﺒﺎل ﺧﻮﻧﺮﻳﺰي ﻋﻤﺪي اﻳﺠﺎد ﺷﺪه، ﻟﺨﺘﻪ ﺧﻮن ﺣﺎﺻﻞ ﺑﻪ ﻋﻨﻮان 
 د(FRP)ﭘﻼﻛﺖو ﻓﻴﺒﺮﻳﻦ ﻏﻨﻲ از ( PRP)روش دﻳﮕﺮ اﻳﺠﺎد دارﺑﺴﺖ، اﺳﺘﻔﺎده از ﭘﻼﺳﻤﺎي ﻏﻨﻲ از ﭘﻼﻛﺖ (. 61)دارﺑﺴﺖ ﻋﻤﻞ ﻣﻴﻜﻨﺪ 
  (.63)اﺳﺖ
آﻟﺘﺮﻧﺎﺗﻴﻮ  FRP. ﻏﻨﻲ از ﻓﺎﻛﺘﻮرﻫﺎي رﺷﺪي اﺳﺖ ﻛﻪ در ﻃﻮل زﻣﺎن ﺗﺠﺰﻳﻪ ﺷﺪه و ﻳﻚ ﻣﺎﺗﺮﻳﻜﺲ ﺳﻪ ﺑﻌﺪي ﻓﻴﺒﺮﻳﻨﻲ اﻳﺠﺎد ﻣﻴﻜﻨﺪ PRP
در اﻳﻦ دو دارﺑﺴﺖ ، ﻣﻴﺰان . اﺳﺖ ﻛﻪ ﺳﺎﺧﺘﺎر ﺳﻪ ﺑﻌﺪي ﻫﺪاﻳﺖ ﻛﻨﻨﺪه ﺳﻠﻮﻟﻬﺎي ﺑﻨﻴﺎدي و ﺳﺮﺷﺎر از ﻣﻮﻟﻜﻮﻟﻬﺎي ﺑﻴﻮاﻛﺘﻴﻮ اﺳﺖPRP
  (.73)ﺪي، ﻗﺎﺑﻞ ﻛﻨﺘﺮل ﻧﻴﺴﺖ و ﺑﻪ دﻟﻴﻞ ﻧﻴﺎز ﺑﻪ ﺧﻮن ورﻳﺪي در ﻛﻮدﻛﺎن روش دﺷﻮاري اﺳﺖﻓﺎﻛﺘﻮرﻫﺎي رﺷ
اﻳﻦ دارﺑﺴﺘﻬﺎ ﺑﻪ راﺣﺘﻲ ﻗﺎﺑﻞ ﺗﺰرﻳﻖ ﺑﻪ (. 83)ﻫﻴﺪروژل ﻫﺎ ﮔﺮوه دﻳﮕﺮي از دارﺑﺴﺘﻬﺎ ﻫﺴﺘﻨﺪ ﻛﻪ ﭘﻠﻴﻤﺮﻫﺎي آﺑﺪوﺳﺖ ﺳﻪ ﺑﻌﺪي اﻧﺪ
 ﻴﺸﻮﻧﺪ و ﻧﻘﺶ ﻣﺎﺗﺮﻳﻜﺲ ﺧﺎرج ﺳﻠﻮﻟﻲ را اﻳﻔﺎ ﻣﻴﻜﻨﻨﺪﻓﻀﺎي ﻛﺎﻧﺎل رﻳﺸﻪ ﻫﺴﺘﻨﺪ، ﺑﺮاﺣﺘﻲ ﺑﺎ ﺟﺬب ﻣﺎﻳﻌﺎت ﻣﻮﺟﻮد در ﺑﺎﻓﺖ ژﻟﻪ اي ﻣ
ﻫﻴﺪروژﻟﻬﺎ ﺑﺪﻟﻴﻞ ﻣﺰاﻳﺎي ذﻛﺮﺷﺪه، . وﺳﺒﺐ ﻧﻘﻞ و اﻧﺘﻘﺎل ﻋﻮاﻣﻞ آﻧﮋﻳﻮژﻧﻴﻚ و ﻣﺤﻞ اﺳﺘﻘﺮار ﻣﻨﺎﺳﺐ ﺳﻠﻮﻟﻬﺎي ﺑﻨﻴﺎدي ﻫﺴﺘﻨﺪ( 93)
  .ﭘﺘﺎﺳﻴﻞ ﺑﺎﻻ در درﻣﺎﻧﻬﺎي رژﻧﺮاﺗﻴﻮ اﻧﺪو دارﻧﺪ
  ﻧﺘﻴﺠﻪ ﮔﻴﺮي
رژﻧﺮاﺗﻴﻮ اﻧﺪو، ﺳﺮﻳﻌﺎ در ﺣﺎل ﭘﻴﺸﺮﻓﺖ ﻫﺴﺘﻨﺪ و ﺑﺎ ّﭘﻴﺸﺮﻓﺘﻬﺎي ﺣﺎﺻﻞ در زﻣﻴﻨﻪ اﺳﺘﻔﺎده از ﺳﻠﻮﻟﻬﺎي ﺑﻨﻴﺎدي، ﻓﺎﻛﺘﻮرﻫﺎي  درﻣﺎﻧﻬﺎي















Schematic drawing illustrating bioengineering using a cell homing approach. An immature 
premolar with a necrotic pulp and apical lesion (panel A) is disinfected (panel B), followed by 
placement of a biodegradable scaffold (s) containing growth factors and chemotactic factors (g) 
to allow progressive proliferation and migration of apical stem cells into the canal space (panel 
C) leading to the population of the canal space with stem cells concomitantly with vascular 
supply and tissue organization (panel D). (From Diogenes A, Henry MA, Teixeira FB, 











1. d’Aquino R, De Rosa A, Laino G, et al: Human dental pulp stem cells: from biology to 
clinical applications, J Exp Zool B Mol Dev Evol 312B:408, 2009.  
2. Galler KM, D’Souza RN, Federlin M, et al: Dentin conditioning codetermines cell fate in 
regenerative endodontics, J Endod 37:1536, 2011. 
3. Iohara K, Imabayashi K, Ishizaka R, et al: Complete pulp regeneration after pulpectomy by 
transplantation of CD105+ stem cells with stromal cell-derived factor-1, Tissue Eng Part A 
17:1911, 2011. 
4. Hargreaves KM, Giesler T, Henry M, Wang Y: Regeneration potential of the young permanent 
tooth: what does the future hold? J Endod 34:S51, 2008. 
5. Nakashima M, Akamine A: The application of tissue engineering to regeneration of pulp and 
dentin in endodontics, J Endod 31:711, 2005. 
6. Caplan AI: Mesenchymal stem cells, J Orthop Res 9:641,1991.  
7. Egusa H, Sonoyama W, Nishimura M, et al: Stem cells in dentistry—part I: stem cell sources, 
J Prosthodont Res 56:151, 2012.  
8. Liao J, Al Shahrani M, Al-Habib M, et al: Cells isolated from inflamed periapical tissue 
express mesenchymal stem cell markers and are highly osteogenic, J Endod 37:1217, 2011. 
9. Huang GT, Sonoyama W, Liu Y, et al: The hidden treasure in apical papilla: the potential role 
in pulp/dentin regeneration and bioroot engineering, J Endod 34:645, 2008. 
10. Ruparel NB, de Almeida JF, Henry MA, Diogenes A: Characterization of a stem cell of 
apical papilla cell line: effect of passage on cellular phenotype, J Endod 39:357, 2013. 
11. Xu L, Tang L, Jin F, et al: The apical region of developing tooth root constitutes a complex 
and maintains the ability to generate root and periodontium-like tissues, J Periodontal 
Res44:275, 2009. 
 12. Marrelli M, Paduano F, Tatullo M: Cells isolated from human periapical cysts express 
mesenchymal stem cell-like properties, Int J Biol Sci 9:1070, 2013. 
13. Lovelace TW, Henry MA, Hargreaves KM, Diogenes A: Evaluation of the delivery of 
mesenchymal stem cells into the root canal space of necrotic immature teeth after clinical 
regenerative endodontic procedure, J Endod 37:133, 2011. 
14. Fang Y, Hu J: Toll-like receptor and its roles in myocardial ischemic/reperfusion injury, Med 
Sci Monit 17:RA100, 2011. 
15. Jiang HW, Zhang W, Ren BP, et al: Expression of toll like receptor 4 in normal human 
odontoblasts and dental pulp tissue, J Endod 32:747, 2006. 
16. Diogenes A, Henry MA, Teixeira FB, Hargreaves KM: An update on clinical regenerative 
endodontics, Endod Topics 28:2, 2013. 
7 
 
17. Sakdee JB, White RR, Pagonis TC, Hauschka PV:Hypoxia-amplified proliferation of human 
dental pulp cells, J Endod 35:818, 2009. 
18. Abe S, Imaizumi M, Mikami Y, et al: Oral bacterial extracts facilitate early 
osteogenic/dentinogenic differentiation in human dental pulp-derived cells, Oral Surg Oral Med 
Oral Pathol Oral Radiol Endod 109:149,2010. 
19. Tecles O, Laurent P, Aubut V, About I: Human tooth culture: a study model for reparative 
dentinogenesis and direct pulp capping materials biocompatibility, J Biomed Mater Res B Appl 
Biomater 85:180, 2008. 
20. Poole JA, Romberger DJ: Immunological and inflammatory responses to organic dust in 
agriculture, Curr Opin Allergy Clin Immunol 12:126, 2012. 
21. About I, Laurent-Maquin D, Lendahl U, Mitsiadis TA: Nestin expression in embryonic and 
adult human teeth under normal and pathological conditions, Am J Pathol 157:287, 2000. 
22. Koubi G, Colon P, Franquin JC, et al: Clinical evaluation of the performance and safety of a 
new dentine substitute, biodentine, in the restoration of posterior teeth: a prospective study, Clin 
Oral Investig 17:243, 2013. 
23. Nakashima M, Iohara K: Regeneration of dental pulp by stem cells, Adv Dent Res 23:313, 
2011. 
24. Smith AJ, Lesot H: Induction and regulation of crown dentinogenesis: embryonic events as a 
template for dental tissue repair? Crit Rev Oral Biol Med 12:425, 2001. 
25. Tomson PL, Grover LM, Lumley PJ, et al: Dissolution of bio-active dentine matrix 
components by mineral trioxide aggregate, J Dent 35:636, 2007. 
26. Begue-Kirn C, Smith AJ, Loriot M, et al: Comparative analysis of TGF beta s, BMPs, IGF1, 
msxs, fibronectin, osteonectin and bone sialoprotein gene expression during normal and in vitro-
induced odontoblast differentiation, Int J Dev Biol 38:405, 1994. 
27. Thesleff I, Vaahtokari A: The role of growth factors in determination and differentiation of 
the odontoblastic cell lineage, Proc Finn Dent Soc 88 (suppl 1):357, 1992. 
28. Vainio S, Karavanova I, Jowett A, Thesleff I: Identification of BMP-4 as a signal mediating 
secondary induction between epithelial and mesenchymal tissues during early tooth 
development, Cell 75:45, 1993. 
29. Smith AJ, Tobias RS, Cassidy N, et al: Odontoblast stimulation in ferrets by dentine matrix 
components, Arch Oral Biol 39:13, 1994. 
30. Ferracane JL, Cooper PR, Smith AJ: Can interaction of materials with the dentin-pulp 
complex contribute to dentin regeneration? Odontology 98:2, 2010. 
31. Graham L, Cooper PR, Cassidy N, et al: The effect of calcium hydroxide on solubilisation of 
bio-active dentine matrix components, Biomaterials 27:2865, 2006. 
32. Ravindran S, Huang CC, George A: Extracellular matrix of dental pulp stem cells: 
applications in pulp tissue engineering using somatic MSCs, Front Physiol 4:395, 2014. 
33. Galler KM, D’Souza RN, Hartgerink JD, Schmalz G: Scaffolds for dental pulp tissue 
engineering, Adv Dent Res 23:333, 2011. 
34. Tziafas D, Kolokuris I: Inductive influences of demineralized dentin and bone matrix on pulp 
cells: an approach of secondary dentinogenesis, J Dent Res 69:75, 1990. 
35. Fanton d’Andon M, Quellard N, Fernandez B, et al: Leptospira Interrogans induces fibrosis 
in the mouse kidney through Inos-dependent, TLR- and NLRindependent 
signaling pathways, PLoS Negl Trop Dis 8:e2664, 2014. 
8 
 
36. Ogino Y, Ayukawa Y, Kukita T, Koyano K: The contribution of platelet-derived growth 
factor, transforming growth factor-beta1, and insulin-like growth factor-I in platelet-rich plasma 
to the proliferation of osteoblast-like cells, Oral Surg Oral Med Oral Pathol Oral Radiol Endod 
101:724, 2006. 
37. Kang XQ, Zang WJ, Bao LJ, et al: Differentiating characterization of human umbilical cord 
blood-derived mesenchymal stem cells in vitro, Cell Biol Int 30:569, 2006. 
38. Fichman G, Gazit E: Self-assembly of short peptides to form hydrogels: design of building 
blocks, physical properties and technological applications, Acta Biomater 10:1671, 2014. 
39. Xu X, Jha AK, Harrington DA, et al: Hyaluronic acid-based hydrogels: from a natural 
polysaccharide to complex networks, Soft Matter 8:3280, 2012. 
 
 
 
